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were prepared by conjugation of Qdot® 655 with an internalizing
anti-mortalin monoclonal antibody using an antibody conjugation
kit (Invitrogen, Q22021MP) as described in Z. Kaul et al., 2007.
QD-antibody conjugates were added to the cell culture medium
at the 80% conﬂuence point, and the medium was allowed to sit
for about 24 hours, to generate i-QD-labeled bone marrow-derived
cells. The medium was then changed and culturing continued for
two more weeks. We then resuspended the i-QD-labeled cells
in another medium with chondrogenic supplements and seeded
vessels of the RWV bioreactor with them. The rotating culture was
performed for 1 week, and then the cartilaginous aggregates were
transplanted into the osteochondral defects of 10-week-old rabbits
with cylindrical defects (5×5 mm in area and 4 mm in depth) of
the patella groove. The rabbits were sacriﬁced them at 2,4,8 or 26
weeks after transplantation. Histological evaluation was performed
with safranin-O staining, and frozen section imaging to localize
the i-QD-labeled cells was done with a BIOREVO imaging system
(BZ-9000; KEYENCE, Osaka, Japan).
Results: Transplanted cartilaginous aggregates were yellow
whitish color and 3-D round shaped. The mean size was 7.1±2.8
mm of major axis and 5.4±2.5 mm of minor axis. A part of
transplanted cartilaginous aggregates showed mainly hyaline-like
cartilage appearance and some ﬁbroblastic cells also existed in
the tissue. At 4 and 8 weeks after the transplantation the defects
were covered with a white tissue resembling articular cartilage.
In histological appearance, the defects were ﬁlled with reparative
tissue resembling hyaline cartilage. QDs were detected mainly in
the subchondral bone layer, but some were also detected in the
cartilage layer. QDs retained its ﬂuorescence for a long time, at
least 26 weeks after the transplantation. In negative control, no
QD signal detected at any part of the tissue.
Conclusions: In the present study we showed that the label-
ing of rabbit MSCs with anti-mortalin antibody conjugated QDs
is a well tolerable procedure and brings a stable long-term ﬂuo-
rescence signal during cartilage repairing process. These results
suggest that the transplanted cells contributed to not only cartilage
regeneration but also bone and bone marrow regeneration.
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TIBIAL AND FEMORAL CARTILAGE SMOOTHNESS:
DIAGNOSTIC MARKERS OF EARLY OSTEOARTHRITIS?
S. Tummala1, M.A. Karsdal2, A.C. Bay-Jensen2, E.B. Dam2
1Univ. of Copenhagen, Copenhagen, Denmark; 2Nordic BioSci.,
Herlev, Denmark
Purpose: One very early event in the initiation of osteoarthritis
may be joint mal-alignment. Secondary to that, small alterations in
the cartilage surface (loss of smoothness) may signify early events
leading to impaired cartilage integrity - prior to cartilage loss
evaluated by volume. We investigated whether quantiﬁcation of
cartilage surface smoothness measured from magnetic resonance
imaging (MRI) could provide a diagnostic marker of early stage
radiographic OA (ROA).
Methods: The 21-month longitudinal study included 159 subjects
prospectively selected as representative for the general population
with age 21-81 (mean 56), BMI 19-38 (mean 26), 48% female,
and 51% knees with ROA (Kellgren and Lawrence, KL>0) at
baseline (BL). KL was determined from radiographs acquired in
a load-bearing semi-ﬂexed position using the SynaFlex (Synarc).
MRI scans with near-isotropic voxels were acquired from a Turbo
3D T1 sequence from a 0.18T Esaote scanner (40° FA, TR 50ms,
TE 16 ms, scan time 10 minutes, resolution 0.7×0.7×0.8 mm) and
tibial and femoral medial compartments were segmented using a
fully automatic computer-based voxel classiﬁcation framework in
the medial compartments. Smoothness was quantiﬁed by a curve-
evolution framework after voxel super-sampling. Smoothness and
volume scores were computed for full tibial and femoral compart-
ments, and for sub-regions deﬁning the anterior/central/posterior
femoral sub-compartments.
The diagnostic ability for splitting healthy from OA subjects was
evaluated by T-test P-value (p), estimated required sample size
(ESS), odd’s ratio (OR), and area under the ROC (AUC). This
was evaluated both for OA deﬁned as KL>0 and KL>1. The scan-
rescan precision was calculated by evaluating the Coefﬁcient of
Variation (RMS CV).
Results: The smoothness results are listed in the table. For
smoothness, the scores were clearly different between healthy
and ROA subjects (p far below 0.001) with the best separation at
KL>1 in general and in particular in the central compartments.
Volume had CV of 6.6/7.0 % in the tibial/femoral compartments
and showed borderline ability for separating the groups (p around
0.05) in some compartments with the femoral central compartment
showing most promising scores of all compartments (p=0.01, ESS
388, OR 2.0, AUC 0.59).
Cartilage smoothness diagnostic scores
Compartment CV OA deﬁned by KL>0 OA deﬁned by KL>1
p ESS OR AUC p ESS OR AUS
Tibial 2.8% 2×10-6 107 3.0 0.64 4×10-16 28 7.5 0.78
Femoral 1.8% 2×10-8 74 3.1 0.67 1×10-18 29 11.1 0.78
Femoral Anterior 4.9% 1×10-3 226 2.0 0.62 2×10-4 119 2.7 0.66
Femoral Central 2.3% 8×10-8 82 3.1 0.65 6×10-19 26 10.6 0.78
Femoral Posterior 2.3% 8×10-6 120 2.8 0.66 8×10-11 66 5.9 0.72
Conclusions: The pathogenesis of OA is inhomogeneous. How-
ever, the later stages all lead to the same outcome; cartilage
surface alteration, cartilage loss and eventually joint replacement.
Following biochemical changes in the cartilage matrix, that may
be induced by an array of traumatic or metabolic insults, ﬁbrillation
and focal lesions will likely lead to loss of cartilage surface smooth-
ness at earlier stages of OA prior to general cartilage loss and joint
space narrowing. The challenge is to measure this smoothness
loss from the limited resolution of MRI (in particular low-ﬁeld MRI).
The results indicated that smoothness estimates may indeed be
indicative of early stage OA. The fact that a clearer separation
was shown KL>1 (and not KL>0) could correspond with the
pathogenesis chain of events suggested above. Furthermore, the
clearest separation was observed in the tibial and the central
femoral regions - this could suggest that the observed smoothness
loss is linked to effects of load-bearing.
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LONGITUDINAL QUANTIFICATION OF BONE MARROW
EDEMA OF THE KNEE USING A COMPUTER-BASED
METHOD
R. Bashtar, T. Iranpour, A. Watanabe, R. Han, H. Yoskioka,
J. Duryea
Brigham and Women’s Hosp., Boston, MA
Purpose: Bone marrow edema (BME) in the subcortical bone
marrow can be a source of pain in Osteoarthritis (OA) patients.
The purpose of this study was to evaluate a semi-automated
computer-based method for quantitative analysis of BME and to
investigate the correlation between the measured BME with the
Knee injury and Osteoarthritis Outcome Score (KOOS).
Methods: The baseline and 24 month follow up visit of 20 subjects,
with a baseline KL grade of 3 from the Osteoarthritis Initiative
(OAI) were included in the study. Sagittal turbo spin echo (TSE)
(0.357×0.357×3.0 mm3, TR 3200ms, TE 30ms) images were
obtained on a 3-T Siemens Trio MR system. Two readers (RB and
TI) used a semi-automated software tool to segment the BME in
the medial compartment femur and tibia. The BME segmentation
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software applies an automated grayscale thresholding technique
to the raw grayscale image (Figure 1) and provides the reader with
regions for segmentation (Figure 2). Reader judgment is used to
select the appropriate region or regions that cover the areas of
BME and to reject irrelevant areas (Figure 3). The total segmented
volume was used as a measure of BME. The segmentation was
performed two times by one reader (RB), one week apart, and
once by a second reader (TI). The readers were blinded to time
point and patient ID. The inter and intra-reader reproducibility
(average difference) was measured. Linear regression analysis
was used to assess the association between the BME volume and
the KOOS pain subscale.
Results: The software method required an average of less than
5 minutes per knee. The mean and standard deviation of BME
volume was 650.7±1005 mm3 and 651±1030 mm3 for baseline
and follow-up visits respectively. The inter-reader and intra-reader
reproducibility for BME volume was 0.19 and 0.21, respectively.
The correlation (R value) between the BME and KOSS pain
subscale was 0.16 and 0.01 for the baseline and follow-up visits
respectively. The correlation between the change in KOOS pain
subscale versus change in the Quantity of BME longitudinally was
0.36. Twelve subjects showed increase and 8 subjects showed
decrease in the average amount of BME in the course of 24
months.
Conclusions: We have documented a fast, moderately repro-
ducible, semi-automated software method to segment BME on
knee MR acquisitions. Our study suggests that a weak correlation
exists between the measured amount of BME and the KOOS pain
subscale cross-sectionally but a stronger correlation exists when
change is measured. Further studies with a larger sample size
are needed to better elaborate this correlation. Additional improve-
ments to the software tool should improve the reproducibility.
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BONE MARROW EDEMA-LIKE LESIONS IN
OSTEOARTHRITIC SUBJECTS EXHIBIT ALTERED
TRABECULAR STRUCTURE AND COMPOSITION
G.J. Kazakia, D. Kuo, J. Schooler, S. Shanbhag, S. Majumdar,
M. Ries, X. Li
UCSF, San Francisco, CA
Purpose: In osteoarthritis (OA), changes in cartilage pathology
may be accompanied by alterations within underlying subchondral
and trabecular bone. Bone marrow edema-like lesions (BMEL) are
commonly seen in OA and have been correlated with cartilage
defects and OA progression. However, our knowledge of bone tis-
sue changes within BMEL is very limited. Therefore, the purpose
of this pilot study was to evaluate bone structure and mineral-
ization within BMEL using high resolution peripheral quantitative
computed tomography (HR-pQCT) imaging and Fourier transform
infrared (FTIR) spectroscopy
Methods: Six tibial plateau specimens containing cartilage and
subchondral bone were collected from patients undergoing total
knee replacement due to severe osteoarthritis. The specimens
were evaluated via ex vivo MRI (Signa 3T, GE) using T2-weighted
Figure 1. MR image (top) illustrating BMEL region and matched HR-pQCT
image (bottom) displaying trabecular structure.
fat-saturated fast spin echo images to identify and locate re-
gions of BMEL within the trabecular compartment (Fig. 1). Each
specimen was then imaged using HR-pQCT (XtremeCT, Scanco
Medical AG) to determine bone structure measures within the
BMEL region and within an adjacent region (>2 cm outside BMEL
border) displaying normal marrow signal on MRI. Images were
acquired at a nominal isotropic resolution of 41 micron, and bina-
rized using an automated iterative thresholding scheme. Structure
measures, including bone volume fraction (BV/TV), and appar-
ent density were quantiﬁed. Following imaging, a 3 mm slice
containing the BMEL was cut from each specimen, marrow was
removed, and two 3 mm diameter punches were taken from each
slice for FTIR spectroscopy. One punch was taken from within the
BMEL region, and the second from the non-BMEL region. FTIR
spectroscopy was performed on a benchtop interferometer system
(Nexus 870, Thermo Electron). Spectra were acquired using 256
scans at 4 cm-1 spectral resolution. Integrated areas of the col-
lagen amide I (1600-1700 cm-1) and phosphate (PO4, 900-1200
cm-1) bands were determined from baseline-corrected spectra.
Mineral-to-matrix ratio (PO4/amide I) was calculated. Wilcoxon
sign-rank tests for paired samples were conducted to assess
differences between measures in BMEL and non-BMEL regions.
Results: Bone tissue within BMEL was found to have signiﬁcantly
higher BV/TV (Fig. 2: BMEL 0.45±0.06, non-BMEL 0.36±0.06,
p=0.03) and apparent density (BMEL 373±86 mgHA/cc, non-
BMEL 183±85 mgHA/cc, p=0.03). Bone tissue within BMEL was
found to have signiﬁcantly lower mineral-to-matrix ratio than the
adjacent tissue (BMEL 5.1±0.4, non-BMEL 5.6±0.4, p=0.03).
Figure 2. Mineral-to-matrix ratio and bone volume fraction for paired BMEL and
non-BMEL regions.
Conclusions: Our results indicate that regions of BMEL are
associated with increased bone volume and reduced tissue min-
